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UNIVERSAL JOINT 

Background of the Invention 

This invention relates generally to universal joints and more particularly to 
trunnion pin double Cardan universal joints. 


The parameters of a well designed vehicle steering system include a consistent 
torque effort at the steering wheel, a crisp and symmetric return to the straight ahead 
5 position, and a pleasing on-center feel. Historically, these features were more easily 
attained with a straight-line placement of the steering column relative to the gear 
connection. 


The trend toward vehicle downsizing, along with new vehicle requirements for 
crush zones and tighter package restraints, have necessitated the incorporation of 
10 multiple universal joint steering systems, thus making the features of a well designed 
steering system more difficult to obtain. Moreover, operating angles continue to 
increase with the reduction of packaging space and imposed government motor vehicle 
safety standards. 


The foregoing illustrates limitations known to exist in present universal joints. 
15 Thus, it is apparent that it would be advantageous to provide an alternative directed at 
overcoming one or more of the limitations set forth above. Accordingly, a suitable 
alternative is provided, including features more fully disclosed hereinafter. 

Summary of the Invention 
In one aspect of the present invention, this is accomplished by providing a 
20 universal joint comprising: a tubular housing; two annular ring yokes pivotally 

mounted to the tubular housing; a first shaft section pivotally mounted to one annular 
ring yoke; and a second shaft section pivotally mounted to the other annular ring 
yoke; the axis of pivot of an annular ring yoke being at right angles to the axis of 
pivot of 
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the corresponding shaft section, the shaft sections being interengaged by a ball and 
socket assembly. 

The foregoing and other aspects will become apparent from the following 
detailed description of the invention when considered in conjunction with the 
5 accompanying drawing figures. 

Brief Description of the Drawing Figures 

FIG. 1 is an exploded perspective view of a tubular housing and annular ring 
yoke double Cardan universal joint; 

FIG. 2 is a cross-sectional view of the double Cardan universal joint shown in 
10 FIG. 1; 

FIG. 3 is a cross-sectional view taken on line 3-3 of FIG. 2; 

FIG. 4 is a perspective view of a steering shaft incorporating the double 
Cardan universal joint shown in FIG. 1; 

FIG. 5 is a schematic representation of the steering shaft shown in FIG. 4, 
15 illustrating the angle relationships between the component shafts; 

FIG. 6 is a cross-sectional view similar to FIG. 2 showing an alternate 
embodiment of the double Cardan universal joint; 

FIG. 7 is a cross-sectional view of the tubular housing of an alternate 
embodiment of the double Cardan universal joint; 
20 FIG. 8 is a graph of velocity versus time for a rotated axes double Cardan 

universal joint; 

FIG. 9 is a graph correlating percent variation in velocity to equivalent angle; 

and 

FIG. 10 is a graph correlating the rotational displacement of the individual 
25 universal joint axes to the equivalent angle of the double Cardan universal joint. 
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Detailed Description 

The present invention is a small diameter, simplified double Cardan universal 
joint that, unlike multiple joint, high angle, single Cardan universal joint systems, can 
transmit rotational motion at near constant velocity, resulting in little or no torque 
5 variation, thus approximating the performance of less complex systems of years past. 

Shown in FIG. 4 is a typically steering system. A steering wheel 1 is 
connected to an upper shaft 4 which is connected by a single Cardan universal joint 5 
to a middle shaft 7. A double Cardan universal joint 10 incorporating the present 
invention connects the middle shaft 7 to a lower shaft 12. The lower shaft 12 is then 
10 connected to a steering gear box 14. 

FIG. 1 shows an exploded perspective view of a universal joint incorporating 
the present invention. Shown is a trunnion pin type double Cardan universal joint 10. 
A circular annular cross ring 30 is used in place of the typical Cardan cross yoke. A 
tubular housing 20 is used in place of the typical Cardan coupling yoke. The use of 
15 the tubular housing 20 and the pair of circular annular cross rings 30 reduces the 
outer dimensions of the double Cardan universal joint 10 and simplifies manufactur- 
ing, thereby reducing cost. 

The double Cardan universal joint 10 is used to pivotally connect two shafts 7, 
12. One shaft 7 has a shaft socket extension 32 attached to its end. The shaft socket 
20 extension 32 has a ball socket 33 in its free end. The other shaft 12 has a shaft ball 
extension 34 attached to its end. The shaft ball extension 34 has a centering ball 35 
integral with its free end. Both shaft extensions 32, 34 have pin receiving apertures 
56 therethrough. 

Each shaft extension 32, 34 is pivotally connected to a circular annular cross 
25 ring 30. In the embodiment shown in FIGS. 1 through 3, the axes of pivot 55a, 55b 
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of the shaft extensions 32, 34 are parallel. In the alternate embodiment shown in 
FIG. 6, one axis of pivot 55a is rotated 90° to the other axis of pivot 55b. The axes 
of pivot of the shaft extensions 32, 34 may be orientated respectively to one another at 
any angle between 0° and 90°, inclusive, as shown in FIG. 7. 

5 Each cross ring 30 is a tubular like annular ring having a pair of opposed pin 

receiving apertures 60 therethrough and a pair of opposed bearing receiving apertures 
58 therethrough. Each shaft extension 32, 34 is pivotally connected to a cross ring 30 
by a pair of trunnions 43. Each trunnion 43 is comprised of a trunnion pin 40, a 
bearing 44 and a thrust collar 42. A pair of trunnion pins 40 are fixedly inserted into 

10 the shaft pin receiving apertures 56. A bearing 44, preferably a drawn cup needle 
bearing, is placed over an enlarged diameter portion of trunnion pin 40. The outer 
portion of bearing 44 is received within the cross ring bearing receiving apertures 58. 
The bearing 44 may be secured to the cross ring 30 by any of a number of known 
methods, such as staking. The thrust collar 42 is interposed between the shaft 

15 extension 32, 34 and the cross ring 30. The thrust collar 42 transfers thrust loads 
between the shaft extensions 32, 34 and the bearing 44 housing. Without the thrust 
collars 42, thrust loads may be imposed on the bearing 44 internals which can cause 
premature bearing failure. Preferably, the thrust collar 42 is formed of a self- 
lubricating bearing material containing a lubricant such as molybdenum disulfide. 

20 The circular annular cross rings 30 are pivotally connected to a cylindrical 

tubular housing 20. The tubular housing 20 has two pair of spaced apart opposed 
bearing receiving apertures 62 therethrough. Each cross ring 30 is pivotally 
connected to the tubular housing 20 by a pair of trunnions 43. The trunnions 43 
pivotally connect the circular annular cross rings 30 to the tubular housing 20 in the 

25 manner described above for the pivotal connection of the shaft extensions 32, 34 to 
the circular annular cross rings 30. 
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The axis of pivot 50a, 50b of each cross ring 30 is at a 90° angle to the axis of 
pivot 55a, 55b, respectively, of each shaft extension 32, 34. For the embodiment 
shown in FIGS. 1 through 3, the axes of pivot 50a and 50b are parallel. 

The double Cardan universal joint 10 is sealed by external perimeter boot seals 
5 22 located at the ends of the cylindrical tubular housing 20. These boot seals 22 
prevent debris and fluids from entering and possibly damaging the centering 
mechanism 37. The need for a separate centering device seal is eliminated. The boot 
seals 22 must be able to absorb both angular and torsional displacements. 

As in other double Cardan universal joints, the present invention includes a 

10 centering mechanism 37, which is comprised of a centering ball 35 integral with shaft 
extension 34 and a corresponding socket 33 integral with shaft extension 32. With the 
centering mechanism 37 formed of components integral with the shaft extensions 32, 
34, the problems with fit typically found in ball and shaft stud arrangements are 
eliminated. The rotational clearance of the double Cardan universal joint is also 

15 reduced with this integral configuration. The socket 33 can be simply a bore ' 
machined into the end of shaft extension 32. An interface sleeve 38 is positioned with 
the socket 33 to support the ball 35 and allow the ball 35 to move axially relative to 
the socket 33 during joint angular changes. The interface sleeve 38 is cylindrical in 
design and can be made from a variety of materials and processes depending upon the 

20 contact stresses encountered in the centering mechanism 37. Preferably, the interface 
sleeve 38 is formed of a self-lubricating bearing material containing a lubricant such 
as molybdenum disulfide. The integral shaft/centering mechanism design allows 
centerline distance between the cross ring pivot axes 50a, 50b to be minimized. This 
results in a reduction of the double Cardan universal joint 10 diametral and axial 

25 dimensions, when compared to a conventional double Cardan universal joint design. 

The centering mechanism 37 forces the intersection of the centerlines of the 
shaft extensions 32, 34 (and the corresponding shafts 7, 12), as shown schematically 
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in FIG. 5. This type of constant velocity double Cardan universal joint operates at 
true constant velocity in only two positions. The first is the degenerate case of zero 
degrees operating angle. The second is the design operating angle 0, which is a 
function of the axial position of the fixed portion of the centering mechanism 37 with 
respect to one of the two individual joints (which make up the double Cardan 
universal joint). To illustrate this point, a double Cardan universal joint, operating as 
a true constant velocity at a 40° operating angle would have its centering mechanism 
positioned such that the center point 11 and the two individual U-joints pivot points 
51a, 51b would form a perfect isosceles triangle. The two equal angles, a and £, 
would be exactly 20°. In this condition, the output velocity of the double Cardan 
universal joint exactly equals the input velocity of the double Cardan universal joint. 
The nominal design operating angle for the present double Cardan universal joint is 
40°. 

A plurality of mechanisms are provided to prevent the maximum angle of the 
15 two shafts 7, 12 from exceeding the angle at which the ball 35 will disengage from 
the socket 33. The first maximum angle mechanism is a stop ring 36 provided on 
each shaft extension 32, 34. The diameter of the stop ring 36 is designed such that 
the stop ring 36 will engage the tubular housing 20 prior to the ball 35 disengaging 
from the socket 33. The second maximum angle mechanism comprises the shaft 
20 portion of the shaft extensions 32, 34 adjacent the stop ring 36 engaging the circular 
annular cross rings 30 prior to the ball 35 disengaging from the socket 33. The third 
maximum angle mechanism comprises the circular annular cross rings 30 engaging 
one another prior to the ball 35 disengaging from the socket 33. Preferably, for a 
double Cardan universal joint 10 with a nominal operating angle of 40°, the maximum 
25 allowed angle is 50°. 

If the center point 11 were placed elsewhere, the double Cardan universal joint 
could still be positioned to operate at 40°, but the individual joint angles would each 
be slightly above and slightly below 20° respectively, giving an error in true constant 
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velocity motion, i.e., the instantaneous output velocity would not remain numerically 
equal to the input velocity. The double Cardan universal joint would have a small 
equivalent operating angle. Where the axes of pivot 50a, 50b for the individual u- 
joints are parallel, the equivalent operating angle $ for the double Cardan universal 
5 joint is determined by: 

* = y/a 2 - p 2 

The angle a is arbitrarily selected as the numerically greater of the two double Cardan 
universal joint half angles to avoid taking the square root of a negative quantity. 

This phenomenon, as a result of deliberately moving the centering point 11 of 
10 the double Cardan universal joint, can be applied to advantage when the double 

Cardan universal joint 10 is used in conjunction with another joint 5 of single Cardan 
universal joint configuration. A system with a true constant velocity joint at one end 
and a conventional single Cardan universal joint operating at some angle 7 at the other 
end will by necessity have an equivalent angle equal in magnitude to that of the single 
15 Cardan universal joint 5, that is 7. In other words, the true constant velocity joint, 
operating at its own internal equivalent angle of zero degrees, can not be phased to 
subtract algebraically from the operating angle of the other single Cardan universal 
joint. 

However, repositioning the centering mechanism 37 away from its "correct" 
20 position forces the double Cardan universal joint 10 to operate at a non-constant 

velocity. Therefore, a double Cardan universal joint can be deliberately designed to 
operate at a small equivalent angle which can then be phased to subtract from the 
other joint angle, thereby reducing or eliminating the overall system equivalent angle. 
This could be especially useful in a system where one of the operating angles is 
25 greater than approximately 35°, thus requiring a constant velocity joint, while the 
second joint operates at a high enough angle that it by itself could cause marginally 
"lumpy" steering. 
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For a steering system such as that shown in FIGS. 4 and 5, the minimum 
equivalent angle of the properly phased steering system is: 

where $ x is the equivalent angle of the double Cardan universal joint 10 and * 2 is the 
5 angle of the single Cardan universal joint 5. 

For an "in-phase" double Cardan universal joint, as shown in FIGS. 1 through 
3, where the axes of pivot 50a, 50b of the circular annular cross rings 30 are parallel, 
the equivalent angle 4> is defined as: 

10 Due to dimensional limitations of physical hardware in the compact design of the 
present invention, the maximum equivalent angle which an in-phase double Cardan 
universal joint 10 with a shifted centering mechanism 37 can achieve is approximately 
15°. 

For an "out of phase" double Cardan universal joint 10', as shown in FIG. 6, 
15 where the axes of pivot 50a, 50b of the circular annular cross rings 30 are 
perpendicular, the equivalent angle * is defined as: 

The maximum angle of the single Cardan universal joint which an out of phase double 
Cardan universal joint 10* operating with an internal total angle of 40° can totally * 
20 compensate is approximately 28°. 

As an alternative to deliberating miscentering the centering mechanism 37, the 
cross ring pivot axes 50a, 50b, can be oriented relatively to one another at any angle 
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between 0° and 90°. A double Cardan universal joint of the present invention 
operating with a total angle of 40° with the cross ring pivot axes 50a, 50b rotated 
between 0°and 90° will have an equivalent operating angle from 0° to 28°. FIG. 7 
shows a tubular housing 20 with the cross ring pivot axes 50a, 50b rotated 25° 
5 relative to one another. FIG. 10 shows the relationship between the rotational offset 
of the cross ring pivot axes 50a, 50b and the resulting equivalent operating angle for a 
double Cardan universal joint of the present invention having a design operating angle 
of 40°. 

For example, in a three joint steering system as shown in FIGS. 4 and 5, if the 
angle of the single Cardan universal joint 5 is 17° and the actual angle of a constant 
velocity double Cardan universal joint 10 is 40°, the equivalent angle ^.^n of the 
three joint system is 17°. If the cross ring pivot axes 50a, 50b are oriented 90° 
relative to one another, as shown in FIG. 6., the equivalent angle of the three 

joint system is 22.6°. If the cross ring pivot axes 50a, 50b are oriented 21° to one 
another as shown in FIG. 7, the equivalent angle of the double Cardan universal joint 
10 is approximately 16.9° and the equivalent angle of the three joint system is 

approximately 1.8°. For an equivalent angle of L 8°, the system velocity variation is 
essentially zero, resulting in a nearly constant velocity steering system. 

One method of determining the equivalent angle of a double Cardan universal 
20 joint 10 having rotated cross ring axes 50a, 50b is to model the double Cardan 
universal joint using a computational modeling system such as an Aries Solids 
Modeling with Mechanisms to determine the velocity versus time at a specific angle. 
FIG. 8 shows the velocity variation for a double Cardan universal joint with an actual 
operating angle of 40° with the cross ring axes 50a, 50b rotated 21° relative to one 
25 another. From a graph such as shown in FIG. 8, the percent variation in velocity can 
be determined. The graph shown in FIG. 9 converts percent variation in velocity to 
equivalent angle. The preferred equivalent angle is one which is exactly equal to the 
angle of the single Cardan universal joint 5 in the three joint system shown in FIG. 4 


10 


15 
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and 5. If the equivalent angle of the rotated axes double Cardan universal joint is 
within approximately 3° degrees of the single Cardan universal joint 5, the velocity 
variation of the three joint system will be essentially zero. 
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Having described the invention, what is claimed is : 


1 1. A universal joint, comprising: 

2 a tubular housing; 

3 two annular ring yokes pivotally mounted to the tubular housing; 

4 a first shaft section pivotally mounted to one annular ring yoke; and 

5 a second shaft section pivotally mounted to the other annular ring yoke; 

6 the axis of pivot of an annular ring yoke being at right angles to the axis of 

7 pivot of the corresponding shaft section, the shaft sections being interengaged by a 

8 ball and socket assembly. 

2. The universal joint according to claim 1, further comprising: 

a sleeve within the socket assembly, the sleeve being formed of a self- 
lubricating material. 


3. The universal joint according to claim 1, wherein the ball is integral with one 
shaft section and the socket is integral with the other shaft section. 

4. The universal joint according to claim 1, further comprising: 

a stop means for preventing the ball and socket from disengaging. 

5. The universal joint according to claim 4, wherein the stop means is comprised 
of a stop ring on each shaft section, the stop rings contacting the tubular housing prior 
to the ball disengaging from the socket. 

6. The universal joint according to claim 4, wherein the stop means comprises the 
shaft sections contacting the annular ring yokes prior to the ball disengaging from the 
socket. 
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7. The universal joint according to claim 4, wherein the stop means comprises the 
annular ring yokes contacting one another prior to the ball disengaging from the 
socket. 


8. The universal joint according to claim 1, further comprising: 

flexible sealing members engaging each shaft section and the tubular housing. 

1 9. A universal joint, comprising: 

2 a coupling yoke; 

3 two trunnion yokes, each trunnion yoke being a ring; 

4 a pair of first trunnion pins attached to an input shaft; 

5 a pair of first trunnion pins attached to an output shaft; 

6 each pair of first trunnion pins being rotatably connected to a ring; and 

7 a pair of second trunnion pins fixedly attached to each ring, the axis of the pair 

8 of first trunnion pins and the axis of the pair of second trunnion pins attached to a 

9 ring being in a common plane and at right angles to each other, the pairs of second 
10 trunnion pins being rotatably connected to the coupling yoke. 

10. The universal joint according to claim 9, wherein the coupling yoke is a 
tubular member. 


11. The universal joint according to claim 9, further comprising: 

a ball integral with one shaft and a socket integral with the other shaft, the ball 
and socket being interengaged. 

12. The universal joint according to claim 11, further comprising: 

a stop means for preventing the ball and socket from separating. 

13. The universal joint according to claim 9, further comprising: 

flexible sealing members engaging each shaft section and the tubular housing. 
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14. The universal joint according to claim 9, wherein the trunnion pins rotatable 
connection includes a bearing member. 


15. The universal joint according to claim 14, further comprising: 

a thrust washer about each trunnion pin adjacent the bearing member. 

1 16. A universal joint, comprising: 

2 a coupling yoke, the coupling yoke having a circular cross-section; 

3 two trunnion yokes, each trunnion yoke having a circular cross-section and 

4 being rotatably connected to the coupling yoke, the axis of rotation of one trunnion 

5 yoke being parallel to the axis of rotation of the other trunnion yoke; 

6 an input shaft rotatably connected to one trunnion yoke; 

7 an output shaft rotatably connected to the other trunnion yoke; and 

8 a ball integral with one shaft and a socket integral with the other shaft, the ball 

9 and socket being interengaged. 

1 17. The universal joint according to claim 16, further comprising: 

2 a stop means for preventing the ball and socket from disengaging, the stop 

3 means comprised of: a stop ring on each shaft, the stop rings contacting the circular 

4 coupling yoke prior to the ball disengaging from the socket; the shafts contacting the 

5 circular trunnion yokes prior to the ball disengaging from the socket; and the circular 

6 trunnion yokes contacting one another prior to the ball disengaging from the socket. 

18. The universal joint according to claim 16, further comprising: 

flexible sealing members engaging each shaft and the circular coupling yoke. 


19. The universal joint according to claim 16, wherein the circular trunnion yokes 
rotatable connection includes a bearing member and the shafts rotatable connection 
includes a bearing member. 
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20. The universal joint according to claim 19, further comprising: 

a thrust washer between the circular trunnion yokes rotatable connection and 
the bearing member and a thrust washer between the shafts rotatable connection and 
the bearing member. 

1 21. A steering column assembly, comprising: 

2 a first shaft; 

3 a second shaft; 

4 a universal joint connecting the first shaft to the second shaft, the axis of the 

5 first shaft being at an angle y to the axis of the second shaft; 

6 a third shaft; 

7 a double cardan universal joint connecting the second shaft to the third shaft, 

8 the double cardan universal joint comprised of two pivotal cardan universal joints 

9 connected by a connecting yoke, the connecting yoke having a axis extending through 

10 the points about which the cardan universal joints pivot, the axis of the third shaft 

11 being at an angle a to the connecting yoke axis, the axis of the second shaft being at 

12 an angle (3 to the connecting yoke axis, and the double cardan universal joint having 

13 an equivalent angle <£, defined by 

14 $ = v/|a 2 - P 2 | , a * (J 


22. The steering column assembly according to claim 21, wherein the connecting 
yoke has a tubular shape. 

23. The steering column assembly according to claim 21, wherein each cardan 
universal joint includes an annular ring yoke. 

24. The steering column assembly according to claim 21, wherein the connecting 
yoke has a tubular shape and each cardan universal joint includes an annular ring yoke. 
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25. The steering column assembly according to claim 21, wherein the equivalent 
angle * is equal to the angle 7. 


26. The steering column assembly according to claim 21, wherein the equivalent 
angle * is no greater than the angle 7. 

1 27. A steering column assembly, comprising: 

2 a first shaft; 

3 a second shaft; 

4 a universal joint connecting the first shaft to the second shaft, the axis of the 

5 first shaft being at an angle 7 to the axis of the second shaft; 

6 a third shaft; 

7 a double cardan universal joint connecting the second shaft to the third shaft, 

8 the double cardan universal joint comprised of two pivotal cardan universal joints 

9 pivotally connected by a connecting yoke, each cardan universal joint pivoting about 

10 an axis, the pivot axis of one cardan universal joint being 90° to the pivot axis of the 

1 1 other cardan universal joint, the connecting yoke having a axis extending through the 

12 points about which the cardan universal joints pivot, the axis of the third shaft being 

13 at an angle a to the connecting yoke axis, the axis of the second shaft being at an 

14 angle )3 to the connecting yoke axis, and the double cardan universal joint having an 

15 equivalent angle defined by 


16 

* = y/a 2 + p 2 


28. The steering column assembly according to claim 27, wherein the connecting 
yoke has a tubular shape. 

29. The steering column assembly according to claim 27, wherein each cardan 
universal joint includes an annular ring yoke. 
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30. The steering column assembly according to claim 27, wherein the connecting 
yoke has a tubular shape and each cardan universal joint includes an annular ring 
yoke. 

31. The steering column assembly according to claim 27, wherein the equivalent 
angle is equal to the angle 7. 

32. The steering column assembly according to claim 27, wherein the equivalent angle 
* is no greater than angle 7. 


1 33. A steering column assembly, comprising: 

2 a first shaft; 

3 a second shaft; 

4 a universal joint connecting the first shaft to the second shaft, the axis of the 

5 first shaft being at an angle 7 to the axis of the second shaft; 

6 a third shaft; 

7 a double cardan universal joint connecting the second shaft to the third shaft, 

8 the double cardan universal joint comprised of two pivotal cardan universal joints 

9 pivotally connected by a connecting yoke, each cardan universal joint pivoting about 

10 an axis, the pivot axis of one cardan universal joint being at an angle X to the pivot 

11 axis of the other cardan universal joint, angle X being greater than 0° and less than 

12 90°. 

34. The steering column assembly according to claim 33, wherein the equivalent 
angle * Vittm of the steering column assembly is less than 3°. 

35. The steering column assembly according to claim 33, wherein the connecting 
yoke has an axis extending through the points about which the cardan universal joints 
pivot, the axis of the third shaft being at an angle a to the connecting yoke axis, the 
axis of the second shaft also being at an angle a to the connecting yoke axis. 
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FIG. 7 
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FIG. 8 
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